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I.  Volume  of  Solute  and  Viscosity. 
The  viscosity  of  freshly  prepared  gelatin  solutions  is  affected  in 
a  similar way by the pH as are the electromotive forces, the osmotic 
pressure,  and the swelling.  We have been able to show that  the in- 
fluence of the pH on  the E.~.F. can  be accounted for quantitatively 
on  the  basis  of  the  Donnan  equilibrium, I  and  that  with  the  excep- 
tion of one or two minor deviations the same is true for the osmotic 
pressure.  2  Procter  and  Wilson's  theory of swelling is  also based on 
Donnan's  theory  of  membrane  equilibrium?  Fig.  1  is  the  expres- 
sion of the influence of the pH on  the viscosity of 0.5,  1,  and  2  per 
cent  freshly  prepared  gelatin  chloride  solutions  at  a  temperature 
of  24°C.  The  abscissae  are  the  pH  of  the  gelatin  solution,  while 
the ordinates are the relative viscosities of the gelatin solutions com- 
pared  with that  of water at  the temperature  Of the experiment. 
These  curves  are  modified if  the  viscosity of  the  gelatin  solution 
is  not  measured  immediately,  but  only  after  the  solution  has  been 
standing  for  some  time.  In  this  case  the  curve  changes  inasmuch 
as  the  viscosity rises  everywhere but  the  more  rapidly,  the  nearer 
the  pH  is  to  that  of  the  isoelectric point.  In  this  case  the  curves 
representing  the influence  of pH on  the viscosity of gelatin  solution 
no  longer  resemble  the  curves  representing  the  influence  of  the  pH 
1  Loeb, J., Y. Gen. Physiol., 1920-21, iii, 577, 667. 
2  Loeb, J., J. Gen. Physiol., 1920--21, iii, 691. 
8 Procter,  H. R., J.  Chem. Soc., 1914, cv, 313. 
J. A., J. Chem. Soc., 1916, cix, 307. 
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on  the  osmotic  pressure  and  swelling.  In  the  literature,  however, 
it is usually stated  that  the influence  of acid  on viscosity resembles 
that of acids on osmotic pressure and swelling, and the question arises 
whether or not the theory of the Donnan equilibrium  can be applied 
to the explanation of this type of viscosity curves found when  freshly 
prepared gelatin  solutions are used  (Fig.  1). 
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FIc.  1.  Influence  of  pH  on  viscosity  of  freshly  prepared  gelatin  chloride 
solutions. 
Several formulae  exist  for  the  calculation  of the influence  of a  so- 
lute  on  the  viscosity  of  a  solvent.  The  first  one  (1)  was  derived 
by Einstein 4 
=  7o  (1 +  2.5 ~)  (1) 
where  no  is  the  viscosity of  the  pure solvent at  the temperature  of 
the  experiment,  n  the  viscosity of  the  solution,  and  ~  the  fraction 
of the volume occupied by the solute in  the solution.  This formula 
holds only when ~ is very small and when the particles of the solute 
are spherical and large compared with the molecules of the solvent. 
4 Einstein, A., Ann. Physik, 1906, xix, 289; 1911, xxxiv, 591. JACQUES  LOEB  829 
Hatschek,  5 Smoluchowski,  6 Hess, 7 and  Arrhenius  8 have  modified 
Einstein's  formula  so  as  to  make  it  valid  for  any  concentration. 
Arrhenius replaces the linear by a logarithmic formula 
Log ~ -- Log T0 =  0~o  (2) 
where ~, is again the fraction of volume occupied by the solute in the 
solution and 0 a  constant, while n and no have the same significance 
as in Einstein's formula. 
All  the formulre agree in  one  point,  namely that  the  fraction of 
the volume occupied by the solute in the solution is the main variable 
upon which the relative viscosity of a solution depends.  It has been 
pointed  out  by  Odin  9 and  others  that  in  addition  to  the  relative 
volume occupied by suspended particles  the  average size  of the in- 
dividual granules in a  suspension plays also a  r61e in viscosity.  Ac- 
cording to  these theories of viscosity, it should be possible  to corre- 
late  the  characteristic influence of  the  hydrogen ion  concentration 
upon the viscosity of gelatin solutions with a variation in the relative 
volume or the average size of the gelatin particles in solution,  since 
the mass of gelatin in solution remains the same in these experiments. 
The measurement of the viscosity is in  our experiments the time 
of outflow of the solution through a  capillary tube and  the method 
of the experiments (already described in a previous paper) was briefly 
as  follows.  To  50  cc.  of a  2  per cent solution of isoelectric gelatin 
is  added  the  desired  acid,  e.g.,  HC1,  in sufficient quantity and  then 
the  volume is  raised  to  100  cc.  by  the  addition  of enough distilled 
water.  This  1  per  cent  solution  of  originally isoelectric  gelatin  is 
rapidly  heated  to  45°C.,  kept  at  that  temperature for  1  minute, 
and  then  rapidly  cooled  to  24°C.  (or  any other  desired  tempera- 
ture).  The  viscosity  is  measured  immediately  after  the  solution 
was  cooled  to  24°C.,  since  on  standing  the viscosity increases un- 
equally at different pH.  The measurements were all made by deter- 
mining the time of  outflow  through  a  capillary tube.  The time of 
5 Hatschek,  E., Kolloid Z.,  1913, xii, 238;  1920, xxvii,  163. 
Smoluchowski, M. v., Kolloid Z., 1916, xviii,  190. 
r Hess, W. R., Kolloid Z., 1920, xxvii,  1,154. 
S  Arrhenius,  S.,  Meddelanc~en  from  K.  Vetenskapsakademiens  Nobelinstitut, 
1917, ill, No. 21. 
90d6n,  S., Nova acta regiae Socielatis Scientiarum  Upsaliensis,  1913, ifi, No. 4. 830  DONNAN  EQUILIBRIUM  AND  VISCOSITY 
outflow  for  pure  water  was  56  seconds  at  24°C.  The  pH  of the 
solutions was determined with the aid of the poten.tiometer. 
The  reader  will  notice  (Fig.  1)  that  the  relative  viscosity  of  a 
gelatin  solution  is  a  minimum  at  the  isoelectric point  (pH=4.7), 
that  it  rises  with  a  rise  in  the  hydrogen ion  concentration until 
it  becomes  a  maximum at pH of about 2.7,  and'that it drops again 
with a  further rise in the hydrogen ion concentration.  The question 
is  how  to  explain  the  apparent  changes  in  the  relative  volume of 
the  gelatin  in  solution which, according to  the theory, must be  the 
main cause of the variation of the viscosity with the pH. 
A  change in  the  ratio  of  volume  of  gelatin  to  volume  of  water 
is  only possible if water is  added  to  the gelatin.  Pauli  1°  suggested 
that the ionized particle of protein is surrounded by a  shell of water 
which is  lacking in  the  non-ionized molecule.  The  volume  of  the 
protein ions in  solution is  increased by this  jacket of water.  Since 
the  gelatin  in  solution  is  practically  non-ionized  at  the  isoelectric 
point,  the relative volume of the gelatin in solution is a minimum at 
this point,  while when we add an acid, e.g., HC1,  gelatin chloride is 
formed, which, like  all  salts,  ionizes  readily.  On  this  basis  we can 
understand why the viscosity should increase with an increase of the 
hydrogen ion concentration of the  gelatin  solution;  since with  this 
increase  in  the  hydrogen  ion  concentration,  the  concentration  of 
hydrated gelatin ions and hence the volume of the gelatin particles 
should  also  increase.  The  work  of  Lorenz,  n  Born)  2  and  others 
casts,  however,  a  doubt  on  the  assumption  of  a  general hydration 
of polyatomic ions.  We shall see presently that there are still other 
facts  which  show  that  the  mere ionization  and  consequent  hydra- 
tion  of the individual protein ions  cannot well be  the  cause of the 
influence of the pH on the relative viscosity of gelatin solutions. 
H.  The Influence  of the Hydrogen  Ion  Concentration on  the  Viscosity 
of Solutions  of Amino-Acids and of Crystalline  Egg Albumin. 
If hydration of the individual protein ions were the  cause of the 
variation of the viscosity of gelatin solutions,  a  variation of the hy- 
10 Pauli, W., Kolloid Z., 1913, xii, 222. 
n Lorenz, R., Z. Elektrochem., 1920,  xxvi, 424. 
1~ Born, M., Z. Elektrochem., 1920, xxvi, 401. JACQUES  LOEB  831 
drogen  ion  concentration  should  have  a  similar  influence  on  the 
viscosity of solutions of simple amino-acids, like glycocoll and alanine, 
as it has on the viscosity of gelatin solution.  5 per cent solutions of 
glycocoll  and  alanine  were  brought  to  different  pH,  from  5.0  to 
2.0  and  below,  by  the  addition  of HC1.  The  variation  of  the  pH 
of 5  per  cent  solutions  of these  two amino-acids  between the limits 
of 5.0  and  1.16  had  no measurable influence  on  the viscosity of the 
solution.  This cast a serious doubt on the assumption that the varia- 
tions in  the  curve  of the  viscosity of gelatin, as expressed in Fig. 1, 
were caused by variations in the hydration  of the individual  gelatin 
ions?  s 
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Fro. 2.  Showing that solutions of crystalline egg albumin have a low viscosity 
in comparison with gelatin solutions, and that the pH has little influence on the 
viscosity of solutions of crystalline egg albumin at pH over 1.0 and at ordinary 
temperature. 
This  doubt was increased  by experiments  on  the  influence  of pH 
on the viscosity of crystalline egg albumin  which gave also a  practi- 
cally  negative  result.  Fig.  2  gives  such  an  experiment  with  3  per 
cent  originally  isoelectric  albumin  brought  to  different  pH  through 
the  addition  of HC1.  The  ordinates  are  the  viscosity ratios  of  al- 
bumin  solution  over water, drawn  on  a  larger  scale  than  those  in 
Fig. 1, and the abscissae are the pH of the solution.  It is obvious that 
the  pI-I  has  only  a  very  slight  if  any  influence  on  the  viscosity 
of solutions of crystalline  egg albumin  between pH 4.6  and  pH  1.0. 
With  a further  lowering  of  pH  the  viscosity  suddenly  rises,  a  fact 
to which we shall return later.  It  is  also  obvious  that  the  viscosity 
These experiments were carried out by Dr. Elizabeth Brakeley. 832  DONNAN  EQUILIBI~IU~  AND  VISCOSITY 
ratio,  protein  solution:  water,  is  considerably smaller in  the  case of 
albumin solutions than in the case of gelatin solutions. 
The method  of the experiments was as follows.  50 cc.  of a  6  per 
cent  solution  of isoelectric crystalline  egg albumin  were mixed with 
50 cc. of HC1 solution of different concentration and the pH measured. 
The solution was rapidly brought to a  temperature  of 24°C.  and the 
viscosity was measured immediately at that  temperature. 
The  question  then  arises,  why  do  amino-acids  and  at  least  one 
protein,  namely  crystalline  egg albumin,  behave so differently from 
gelatin  in  regard  to  the  influence  of  the  pH  on  bhe  viscosity? 
As long as we assume that the influence of the hydrogen ion concen- 
tration on the viscosity of gelatin-acid salt solution is due to the hydra- 
tion of the individual protein ions  this difference is incomprehensible 
since  the  amino-acids  as  well  as  crystalline  egg  albumin  should  in 
this  case  show the  same influence of ionization on  hydration as the 
gelatin. 
The puzzle becomes still greater if we take into consideration  the 
fact that the osmotic pressure of solutions of crystalline egg albumin 
is affected in the same way by the hydrogen ion concentration  as is 
the  osmotic pressure  of gelatin  solutions.  Why  then  do  these  two 
proteins  behave  so  differently  as  regards  the  influence  of  the  pH 
on their viscosity? 
To  answer  this  question  we  are  forced  to  the  conclusion  that 
gelatin in solution must possess a way of increasing its volume which 
is lacking in the case of solutions of crystalline egg albumin (at least 
at  ordinary  temperature  and  at  a  pH  above  1.0).  This  difference 
seems  [o  be  connected  with a  difference  in  the  ability  to  form  a 
gel.  Solutions  of  isoelectric  crystalline  egg  albumin  of  a  high 
concentration  can  be kept for many months  at  a  temperature  just 
above  the  freezing  point  without  setting  to  a  jelly  or  without 
even showing an increase  in viscosity; while  solutions  of  isoelectric 
gelatin of even a low concentration show a  rapid increase in viscosity 
and may set to a jelly under the same conditions of temperature and 
pH  which  do  not  alter  the  viscosity  of  egg  albumin.  Moreover, 
crystalline egg albumin has a  very low viscosity compared with that 
of the same mass of gelatin in solution. JACQUES LOEB  833 
When, however, the pH of a  3 per cent solution of crystalline egg 
albumin falls to 0.85 or below, the solution can set to a gel and in that 
case its viscosity rises to the same order of magnitude as the viscosity 
of gelatin  solutions  except  that  an  increase  in  temperature  has  the 
opposite effect as in the case of gelatin solutions.  This is illustrated 
by Figs.  3  and  4.  Both  figures  show the  influence  of  time  on  the 
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FIG. 3.  Influence of time on viscosity of isoeIectric gelatin solutions at different 
temperatures. 
viscosity ratio of solutions of gelatin or albumin to that of pure water. 
Fig. 3 shows that  the viscosity of a  2 per cent solution of isoelectric 
gelatin rises rapidly at 15°C., more slowly at 25°C., and quite slowly 
at 35°C. 
Fig.  4  gives  the influence  of time  on  the  viscosity of 3  per  cent 
solutions  of  albumin  chloride  at  pH  0.85  where  the  solutions  are 834  DONNAN  EQUILIBRIU~  AND  VISCOSITY 
opalescent  and  have  a  tendency  to  set  to  a  gel.  The  reader  will 
notice  that  at  that  pH  viscosity  of  solutions  of  albumin  chloride 
behaves like  the  viscosity of gelatin  solutions,  inasmuch as the  vis- 
cosity of albumin  chloride  solutions  also  rises  with  time  as  soon  as 
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Fro. 4. Influence  of time on viscosity  of solutions  of crystalline  egg albumin 
of  pH 0.85  at different  temperatures.  At  this  pH the  albumin chloride  solutions 
have a tendency to set to a jelly  and have the same high order of viscosity  as 
the  gelatin  solutions. 
the solution acquires the property of setting to a  gel, and  that the 
order  of magnitude  of  the  viscosity  of  albumin  chloride  solutions 
capable of  setting  to  a  gel no longer differs from  that of gelatin  so- 
lution.  The only difference is  that  of  the  influence  of  temperature 
on  the viscosity which is the reverse in  the case of the two proteins. JACQUES LOEB  835 
High temperature favors jelly formation in the case of egg albumin 
and retards it in the case of gelatin. 
These observations corroborate the suspicion  that  the high order 
of magnitude of viscosity of gelatin solutions may be in some way 
connected with the tendency of this protein to set to a gel. 
We do not yet know how the tendency of a protein solution to form 
a  gel ~:an account for  the  following  two  facts:  first,  that  this  ten- 
dency is  accompanied by a  rise  in viscosity, and second, that  the 
pH  influences  the  viscosity  in  a  way  suggestive  of  the  Donnan 
equilibrium.  One  possible  answer  to  this  question  might be that 
the  formation  of  a  continuous  gel  by  a  protein  Solution  may  be 
preceded by the formation of a  number of submicroscopic particles 
of  gel,  each  occluding  a  considerable  amount  of  water.  This  oc- 
clusion of water would cause a  considerable increase in the volume 
of the mass of gelatin and this  could account for the rise in viscosity 
with  the tendency to form a  gel.  The  Donnan  equilibrium  would 
regulate the quantity of water  occluded  by  each  particle  and this 
would account  for  the  influence of  pH.  The  idea  of  such a  pos- 
sibility gave  rise  to  the  following  experiments on the  viscosity  of 
suspensions of powdered gelatin in water. 
III.  Influence  of Volume of Powdered Gelatin on  Viscosity. 
When we suspend finely powdered gelatin in water of a sufficiently 
low temperature, and measure the viscosity of such suspensions we 
find that  they may have even a  higher viscosity than gelatin solu- 
tions of the same concentration of gelatin and that the pH influences 
the viscosity of the suspension in the same characteristic way as that 
expressed in the curves of Fig.  1. 
0.5  gin. of Cooper's powdered commercial gelatin of a pH of about 
6.0  was  added  to  100  cc.  of water  containing varying amounts  of 
HC1.  The particles had uniform size (going through Sieve 100 but not 
through Sieve 120),  but their shape was extremely irregular,  They 
were left in the solution  several hours at  20°C., and  then their time 
of outflow through a  capillary tube was  ascertained at  20°C.  The 
time of outflow of water through the viscometer at this temperature 
was 24 seconds.  It was essential to  stir  the suspension  thoroughly 836  DONNAN  EQUILIBRIUM  AND  VISCOSITY 
before  sucking  it  into  the  viscometer  since  the  gelatin  particles 
sink rapidly to the bottom of the dish. 
Mter the viscosity measurements were taken, the suspension was 
put on a  filter of cotton wool and the supernatant water allowed to 
drain off.  By measuring the volume of the filtrate and  deducting 
this  from  the  original  volume of  the  suspension  (which was in  all 
cases  100  cc.),  the  volume  of  the  gelatin  (with  some  error) 
was obtained.  Then the gelatin was melted, and the pH of the melted 
mass  of gelatin as  well as  of the filtrate was  determined potentio- 
metrically.  Fig. 5 gives the result of such an experiment.  The lower 
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FIG. 5.  Showing  that the influence  of pH on viscosity  of 0.5 per cent suspensions 
of powdered  gelatin in water is similar to the influence  of pH on viscosity  of gelatin 
solutions, and that the volume occupied by the particles in the suspension varies 
in a similar way as the viscosity.  Temperature 20°C. 
curve shows the influence of the pH (of the gelatin) on the viscosity, 
and the  upper  curve  the  influence of  the pH on the volume of the 
gelatin.  The two curves are similar. 
Moreover,  the viscosity values for the  suspensions of 0.5  gin.  of 
powdered  particles  in  water  are  greater  than  the  viscosity values 
of a  0.5  per cent solution of freshly liquefied gelatin for equal pH.  u 
The highest viscosity ratio of the 0.5  per cent gelatin solution was 
about  1.75 while the highest viscosity ratio for the 0.5 per cent sus- 
pension of gelatin was about 2.4 (Fig. 5). 
14 The viscosity of the solution increases on standing. JACQUES  LOEB  837 
These e~periments prove, first, that  a suspension of powdered gel- 
atin in water shows the same variation in viscosity with the variation 
of the hydrogen ion concentration as does a  solution of freshly pre- 
pared gelatin; and, second, that the relative volume of the suspended 
particles varies in  a  similar way as  the viscosity  (Fig.  5).  In this 
case there is  little  doubt  that  the variations in  the volume of the 
suspended particles of gelatin under the influence of the pH are due 
to the existence of a  Donnan equilibrium between the particles and 
the  surrounding  water,  since  we  have  already  shown  in  a  former 
publication that there exists a  difference in the pH of the solid par- 
ticles of powdered gelatin  and  the supernatant water and  this  fact 
was  further corroborated in  these experiments  (Table  I). 
TABLE  I. 
Oonnan  Equilibrium  Between  Suspended  Particles  of  Gelatin and  Supernatant 
Water After 20 Hours. 
0.5  gin. of Gelatin Suspension  in  100 cc.  H20  Containing Various  Amounts  of 
HCl at Temperature  of 20°C. 
pHPHparticlesof°f  gelatinsupematant  ...........  4.79 4.62 4.33 4.17 3.93 3.60 3.26 3.02 2.68 2.39 2.16 2.07 1.80 
water .............  4.744.30 3.95 3.76 3.55 3.21 2.95 2.77 2.56 2.31 2.10 2.02 1.75 
The point which is  of importance is  the question of the applica- 
bility of Einstein's formula to these experiments 
n  _-  1+2.5~ 
t/0 
The fact that the shape of the suspended particles of gelatin is very 
irregular and  that the average size of the individual particles plays 
also a  r61e must warn us not to expect too strict an applicability of 
the formula in our case; and we may expect to obtain slightly differ- 
ent values  than  2.5  for  the  constant.  Since we can measure _n  as 
7/o 
well as ~ directly in our experiments, we may write Einstein's equa- 
tion in  the form 
~- --1---c~ 
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n  1 
and may try to calculate the value of  c =  no  from  our observa- 
~p 
tions.  Since  ¢  is  the  ratio  of  the  volume  of  the  gelatin  to  the 
• volume of the solution and the latter is 100  cc.,  we have to multiply 
n 
-  --1 
the value  no  by 100 ~to obtain  c. 
volume of gelatin 
Table II shows the results of such a  calculation. 
TABLE  II. 
pH of gelatin.  ~  Volume of gelatin,  c 
~70 
4.80 
4.40 
4.21 
3.94 
3.63 
3.30 
2.80 
2.51 
2.28 
2.16 
1.96 
1.070 
1.250 
1. 345 
1.515 
1. 845 
2.120 
2.340 
2.150 
2.080 
1.865 
1.726 
4.5 
8.0 
I1.0 
16.0 
18.0 
21.0 
22.5 
19.5 
18.0 
16.0 
16.0 
1.5 
3.1 
3.1 
3.2 
4.2 
5.3 
6.0 
5.9 
6.0 
5.4 
4.5 
Considering  the  fact  that  the  gelatin  particles  are  not  perfect 
spheres,  as  Einstein's  theory  demands,  and  considering  the  further 
fact  that  the  measurements  of  the  volume  of gelatin  are  crude,  it 
is  surprising  that  where the volume of the gelatin is small  the con- 
stant  c is  so near  that  expected on  the basis of Einstein's  formula, 
namely  3.1  instead  of  2.5.  Larger  values  are  found  (from  4.2  to 
6.0)  when  the  swelling of the gelatin  particles  becomes too large  to 
permit  the  strict  application  of  Einstein's  formula.  In  all  proba- 
bility a  second variable enters in  this  case, namely the large  size of 
the  individual  granules.  We  shall  see in  a  later  paper  that  in  the 
case  of suspensions  of gelatin  particles  the  viscosity is  not  only  a 
function  of the  relative  volume of the  suspended particles  but also 
of their  size,  increasing  (for the  size used in  our  experiments)  with 
the size.  This might account for the fact that in Table II the. value 
of c varies with the size of the particles. JACQLrE  S  LOEB  839 
If we consider all  these complicating circumstances there can be 
little doubt left that the influence of pH on the viscosity of suspen- 
sions of particles of gelatin is mainly due to the change in volume of 
these particles under the influence of the pH  and  that  this  change 
of volume finds its explanation in the Donnan equilibrium between 
the particles and the surrounding liquid. 
It is well known, and it has been discussed in preceding papers,  is 
that  the viscosity of a  gelatin chloride solution,  e.g.,  of pH  3.0,  is 
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FIG. 6.  Showing  depressing  influence  of neutral salts on viscosity of suspensions 
of powdered gelatin in water and on the volume occupied by the gelatin particles 
in the suspension. 
lowered when  neutral  salts  are  added  and the  pH  kept  constant. 
The same is true for the viscosity of suspensions of powdered gelatin. 
Doses of 0.5 gin. of powdered gelatin of pH 6.0, going through Sieve 
100 but not through Sieve 120,  were put each into  100  cc. of water 
containing 6 cc. of 0.1  N HC1,  and different quantities of NaNO3, so 
that the concentration of the salt varied in the different solutions from 
M/8  to  M/2048.  One  solution  contained  no  salt.  The  pH  of  the 
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gelatin varied in the neighborhood of 3.0; the temperature was 20°C. 
After  2½  hours,  when  the  Donnan  equilibrium  between  the  par- 
ticles and the surrounding solution was supposed to be established, 
the viscosity of each suspension was measured at 20°C. and the vol- 
ume occupied by the suspended particles of gelatin was ascertained 
in  the  manner  described.  It  was  found  that  the  addition of  salt 
diminished the relative volume of the gelatin particles and  the vis- 
cosity in a  similar way (Fig. 6).  The observed volume of the solu- 
tions containing little or no salt was probably a  little  too great on 
account of incomplete filtration. 
The measurement of the pH of the gelatin solution and the outside 
solution showed that  the addition of salt  diminished the difference 
between the two, as Donnan's theory demands (Table III). 
TABLE  I~. 
pH of gelatin particles .................. 
pH of supernatant liquid ............... 
Difference, pH inside minus pH outside... 
Concentration  of NaNOs. 
3.0413.04L3.0313. o213.  oot3. o2/2.9712.9412.8s 
2.742.762.762.762.772.802.782.772.70 
o-fol  0  .-~81  oT2  710-7610  .-~310  .-f2  Io-a1910  .~7  ?-f~  s 
SUMMARY  AND  CONCLUSION, 
1.  Gelatin  solutions  have  a  high  viscosity  which in  the  case  of 
freshly prepared solutions varies under the influence of the hydrogen 
ion concentration in a similar way as the swelling, the osmotic pres- 
sure,  and  the electromotive forces.  Solutions  of crystalline egg al- 
bumin have under the same conditions a comparatively low viscosity 
which is practically independent of the pH  (above 1.0).  This differ- 
ence in  the viscosities of solutions of the two proteins  seems to  be 
connected with  the  fact  that  solutions  of gelatin have  a  tendency 
to set to a  jelly while solutions of  crystalline egg albumin show no 
such tendency at low temperature and pH above 1.0. 
2.  The  formulae for  viscosity demand  that  the  difference in  the 
order of magnitude of the viscosity of the two proteins should  cor- JACQVES LOEB  841 
respond  to  a  difference in  the  relative  volume occupied by  equal 
masses  of  the  two proteins in  the same volume of  solution.  It is 
generally assumed that these variations of volume of dissolved pro- 
teins are due to the hydration of the isolated protein ions, but if this 
view  were  correct  the influence of pH  on  viscosity should be  the 
same in the case of solutions of gelatin, of amino-acids, and of crys- 
talline egg albumin, which, however, is not true. 
3.  Suspensions of powdered gelatin in water were prepared and it 
was  found, first,  that  the viscosity of  these  suspensions is  a  little 
higher  than  that  of  gelatin  solutions  of  the  same  concentration, 
second,  that  the  pH  influences the  viscosity of  these  suspensions 
similarly as  the viscosity of freshly prepared gelatin solutions, and 
third,  that  the  volume occupied by  the  gelatin in  the  suspension 
varies  similarly as  the viscosity which agrees  with  the  theories of 
viscosity.  It is shown that this influence of the pH on the volume 
occupied by the gelatin granules in suspension is due to the existence 
of a  Don_nan equilibrium between the granules and the surrounding 
solution. 